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INTRODUCTION
The importance in plant growth of a number of elements
other than the ten usually considered necessary is now
generally recognized by plant investigators.

Boron, mangan¬

ese, and copper are among the most noteworthy of these socalled "minor" elements.

A great number of investigations

support the contention that green plants cannot develop
normally without them (26),
In reviewing the literature one finds that the majority
of investigations deal with the symptoms of deficiency or
9

*

t

toxicity oaused by too little or too muoh of these "trace"
elements.

Comparatively few attempts have been made to

determine what effeot, if any, the presence of traoe elements
in the nutrient medium of a plant has upon the uptake of
other ions by the plant*

In addition it has been observed

that an element does not always behave the same individually
as when it is oomblned with one or more other elements.
That associated elements may have as muoh to do with the
response of an individual element as the element itself has
been shown by Harris (11).
This investigation is*an attempt to study the effect of
boron, manganese, and copper ions upon the uptake of nitrogen
by the Buckwheat plant (Fagopyrum esculentum) (Moench.) when
these three ions are included in the nutrient medium simultan¬
eously, but in varying concentrations.

Since, under natural

conditions, most plants are subjected to a heterogeneous
nutrient medium it seems practical to approach the problem
in this manner.
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REVIEW OF LITERATURE

Shcherbakov (22), in comparative growth experiments
with Buokwheat seed in sand cultures supplied with different
amounts of nitrogen and phosphorous in Hellriegel*8 medium
with and without additions of boron, iodine, flourine, man¬
ganese, copper, sine, and aluminum, showed that in plants
given minor elements the ratio of total nitrogen increased
in the seed and dropped in the green bulk.

The ratio of pro¬

tein nitrogen in total nitrogen was much higher in these
plants than those receiving no minor elements.
Demldenko and Golle (7) noted in certain experiments,
that the addition of small amounts of boron, manganese, sine,
and copper to a N-P-K basic fertiliser caused a reduction in
the consumption of nitrogen per unit of dry substance of sun¬
flower plant8, especially by the addition of boron.
McHargue and Shedd (14) report that in cultures of oats
(Avena) (Tourn.) grown in purified sand to which was added
small amounts of boron, manganese, copper, sine, and arsenio
as compounds, the percentage of nitrogen found in the straw
at maturity (dry weight) was more than twice as much in the
control, to which no minor elements had been added, as in
any other lot receiving one or more of the minor elements.
BOROH
The experimental results of Baumelster (2) show that
boron deficiency of bean seedlings resulted in an increase in
the total nitrogen content of the plants, and of the total
nitrogen the Increase was in the soluble nitrogen fraction.

3

This was due to the faot that growth of the seedlings
oeased before the absorption of nitrogen stopped.

Plants

grown to the flowering stage showed little difference be¬
tween the reaction of boron-fed plants and boron-free plants
to hlgh-nltrogen feeding.

The contradictory statements In

the literature regarding the effecte of hlgh-nltrogen supply
coupled with boron deficiency may thus be explained.
In experiments with Pecan (Hlcorla pecan) (Britton)
seedlings grown In clean sand, and In Norfolk loamy fine sand
cultures that were supplied with nutrient solutions containing
nitrate, phosphate, sulfate, potassium, oalclum, and magnesium,
along with varying concentrations of boron, Blackman (3)
reports that at the end of one year the percentages of total
nitrogen in the tops of the seedlings In both cultures were
higher in the absence of added boron.

In the roots the per¬

centages of total nitrogen were the same In the sand cultures
with and without boron, but in the soil cultures they were
higher where no boron was applied.
Briggs (4) found that Nasturtiums (Tropaeolum Majus)
grown in nutrient solutions to which no boron was added
showed a progressive decrease in nitrate absorption, compared
with normal plants, with the length of time of treatment.
There was no dose correlation between the subsequent de¬
crease in rate of nitrate absorption and the extent of root
injury.

Ammonia and carbohydrates, as well as soluble organic

nitrogen accumulated In Nasturtiums showing boron-deficiency
symptoms.

It appears, therefore, that In the absence of an

adequate supply of boron the amlnatlon of carbohydrate
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derivativea is inhibited.

The proportion of total soluble to

insoluble organic nitrogen was lower in the stems and roots of
plants showing boron toxicity than in control plants.

This

an accelerated synthesis of complex nitrogen compounds.
Scripture and UoHargue (20) report that soluble nitrogen
compounds, including amides, and ammonia and nitrogen in other
forms, were found to be present in larger proportions in
boron-deficient alfalfa plants (Medlcego Satlva) (Toum.)
grown in sand cultures than in those grown normally.

Sugars

were found to be present in excess in the boron-deficient
plants.

Boron-deficient plants were apparently qulokly able to

reduce absorbed nitrates to ammonia and thence to amide or
other soluble nitrogen compounds.

In further experiments with

spinach (Splnacla oleracea) in sand cultures, Scripture and
McHargue (21) found that as the boron concentration of the
nutrient solution was Increased more nitrogen was synthesized
to protein.

The boron concentration apparently had little

effect on the quantities of soluble and Insoluble nitrogen in
the petioles.
Schropp and Arenz (19) conducted experiments using
Crone1s nutrient solution with 0.6 mg. of boron per liter.
This produced normal development of panlcled millet, canary
grass, onion, and forage mallow.

In the absence of boron in

the nutrient solution the onion made lees growth, with tops
higher in total nitrogen, but lower in protein.

However

there was no difference in the nitrogen of the bulbs and
roots whether boron was present or absent.
Investigations on maize (Zea mays) were also conducted
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by Sehropp and Arena (18) using water and sand cultures with
the complete A-Z solutions

*

a" and "b" of Hoagland as well as

the A-Z solution •‘a* without boron and without manganese.

The

boron and manganese concentrations amounted always to 0.1 mg.
per liter of solution or per liter of vessel contents.

Addi¬

tion of boron or manganese in traces decreased the percentage
of nitrogen and crude protein in the shoots as compared to the
control, the greatest decrease being found with the A-Z solu¬
tion **a* without boron, while very little decrease accompanied
the lack of manganese.

Crude protein varied with the crop

yield, while pure protein rose above the control where boron
or manganese was present.

Deficiency in boron reduced the

yield of crude and pure protein to a greater extent than did
the deficiency of manganese.

Nitrogen utilization was great¬

est in the plants growing in the A-Z "a" while in the control,
A-Z solution ‘•a* and *b* and A-Z solution without manganese,
a diminution occurred.

The greatest nitrogen deficiency was

observed in the A-Z solution "a* without boron.

The results

observed show the necessity, especially in investigations on
the Cfrramlneae, of carrying the plants through to a much later
stage of growth than is usual.
CHlyarovskii and Chernov (10) state that boron facili¬
tates the absorption of nitrogen and phosphorous from the
soil, and their transformation into organic form.

This view¬

point is the result of investigations on the effect of boron
on sugar beets, wheat, flax, and mustard on alkaline and
limed soils.
Joret and Maiterra (12) report that an addition of 15 kg.
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per heotare (2.47 acres) of Na2B407.10Hg0 to a normal complete
fertilizer used on an average loam soil to fertilize sugar
beets caused an Increase In the nitrogen (M) and Potash (KgO)
content of the crop, but lowered the Phosphoric acid (PgOg)
content.

Tulin (25) states that HThe physiological function

of boron Is to regulate the absorption of cations from soil by
plants**.
A Report of The Hew Jersey Agricultural Experiment
Station (16) states that **a deficiency of boron not only re¬
tards nitrogen absorption by plant roots, but also very
seriously Interferes with the nitrogen metabolism by prevent¬
ing the formation of proteins essential for cell protoplasm11.
MANGANESE
Sijfert (23) found that the use of manganese results in
an increase of the potato orop and in the nitrogen content
thereof, but in a decrease of starch content.
A study was made under field conditions to determine the
influence of a number of compounds of manganese on the growth
and development of maize, oats, onions, and meadow grass by
S&lomone (17).

The manganese salts were found to stimulate

the formation of nitrogenous contents of the plants; the
sulfate, nitrate, and manganese dioxide giving the greatest
increase.
In pot and water culture experiments with wheat, it was
found by McHargue (15) that manganese in suitable dilution
Increased the size and nitrogen content of the grain.
Burstrom (5), in experiments with excised wheat roots
under sterile conditions in nutrient media, showed that no

?

nitrate assimilation takes place In the absence of heavy
metal3.

Addition of manganese caused a rapid Increase In

the intensity of assimilation under aerobic conditions.
Uanganese is assigned a probable role of reducing catalyst.
His general conclusion is, therefore, that manganese, and
not iron, directly catalyses nitrate assimilation.
Oats were grown by Leeper (13) in soil on which the
manganese deficiency symptom known as "gray speck" appeared.
Tested by the diphenylamine-HgSO^ method for nitrates, every
oat plant exhibiting marked symptoms of manganese deficiency
gave an intense reaction for nitrate, whereas plants grown
on soil successfully treated with manganese sulfate to over¬
come "gray speck" showed no trace of nitrate.
were obtained with canary grass.

Similar results

The nitrate in the soil at

the time was less than 1 p.p.m. of nitrogen.
COPPER
Gilbert, Sell, and Drosdoff (9) report that in investi¬
gations of the Tung tree (Plpterocarpus Turblnatus) the total
nitrogen of leaves deficient in copper was always higher on
both milligram and percentage basis than that of normal
leaves at the same sampling date.

This difference was due in

large part to the abnormally higfc amount of water insoluble
nitrogen found in deficient leaves.

The accumulation of this

elaborated nitrogen fraction was a characteristic symptom of
copper deficiency and indicated the importance of copper in
the nitrogen metabolism of the normal plant.
Cook (6) states that copper sprays used on potatoes in

8

various sections of the country usually increased the solids,
starch, and nitrogen content of tubers from sprayed vines
over the tubers from unsprayed vines.
DeHoae, Eiseninenger, and Ritchie (8) show that on
Buckwheat plants grown in sand cultures copper definitely
affects the uptake of nitrogen.

The amount taken up by

leaves and stems is fir3t increased rapidly at small concen¬
trations of copper, and then there is a general tendency for
a decrease of nitrogen uptake as the concentration of copper
in the nutrient media is increased.
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MATERIALS AND EXPERIMENTAL PROCEDURE
A medium coarse sand was obtained for culture purposes
and washed with tap water until the washings contained no
visible suspended material.
pletely.

It was then allowed to dry com¬

The moisture holding capacity of this sand was then

determined, and found to be thirty-two per cent of the weight
of the sand.
The containers used were thirty-four glazed porcelain
Jars of one-gallon oapacity.

These Jars were also thoroughly

washed with tap water and allowed to dry.

A clean dry piece

of glass tubing was provided each Jar for watering purposes.
Twelve pounds of the washed, air dried sand was placed
into each Jar.

Distilled water was used to maintain the sand

at a moisture content of approximately fifty per cent of the
water holding capacity throughout the growing period of the
plants.

Japanese buckwheat seed was planted directly into

each Jar and thinned to ten vigorous plants when they were
about three or four inches in height.

(It was later dis¬

covered that this number of plants gave only a minimum
quantity of plant tissue for analysis.)
After thinning, Knops* nutrient solution containing the
following amounts of each material was added to all Jars:
Ca(N03)2. 4Hg0

2.8783 gr.

KM03

0.8

gr.

KH2P04

0.5

gr.

MgS04. THgO

0.7559 gr.

PeP04. 4HgO

0.0132 gr.
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This basal nutrient treatment was applied In solution to
each Jar, and the salts, made of the purest chemicals avail¬
able, were mixed Just prior to their use.
The minor elements used were furnished by the following
salts: boron (anhydrous boric acid); manganese (manganous
♦

chloride); oopper (copper sulfate).

«

These elements were added

in solution to the Jars with a pipette immediately after the
addition of the basal nutrient treatment.
• x j •

..

1

*

n

Boron was added at the rate of 0.000 p.p.m., 0.184 p.p.ra.,
0.368 p.p.m., 0*552 p.p.m., 0.736 p.p.ra., and 0.920 p.p.m.
To each boron treatment also were added 0.184 p.p.m. of mangan¬
ese and copper respectively.
Manganese was added to a second group of Jars at the same
varied rate as boron was added to the first group.

To the

manganese treatments 0.184 p.p.m. of boron and copper respect¬
ively were added.
To a third group of Jars oopper was added at the same
varied rate as was boron in the first group and manganese in
the second.

Then to eeoh copper treatment was added 0.184 p.p.m.

of boron and manganese respectively.
All treatments were duplicated and to two Jars, which
served as control, no minor elements were added.
All plants were harvested thirty days after seeding,
when the blossoming stage was reached and before seed forma¬
tion.
The plants from each culture were dried in an oven at
60°C. in paper bags.

The roots were detached and the plants
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were weighed to determine the yield In dry weight, after
which the plant tissue was ground and analysed for total
nitrogen.
For the determination of total nitrogen the KJeldahl
method was used (1).

EXPERIMENTAL RESULTS
In this experiment anhydrous boric acid was used as a
source of boron; manganous chloride as a source of manganese;
and copper sulfate as a source of copper.

These three ions

were supplied to the plants in the following series of
treatments:
1* Control, basio nutrient solution only, no boron,
manganese or copper.
2. Basic nutrient solution plus 0.184 p.p.m. of
manganese and oopper respectively; to which
boron was omitted or added in six different
treatments at concentrations of 0.000 p.p.m.,
0.184 p.p.m., 0*368 p.p.m., 0.552 p.p.m.,
0.736 p.p.m., and 0.920 p.p.m.
3. Basio nutrient solution plus 0.184 p.p.m. of
boron and copper respectively; to whioh man¬
ganese was added or omitted in six different
treatments at concentrations of 0.000 p.p.m.,
0.184 p.p.m., 0*368 p.p.m., 0.552 p.p.m.,
0*736 p.p.m., and 0*920 p.p.m.
4. Basic nutrient solution plus 0.184 p.p.m. of
boron and manganese respectively; to whioh
copper was omitted or added in six different
treatments at concentrations of 0.000 p.p.m.,
0.184 p.p.m., 0.368 p.p.m., 0.552 p.p.m.,
0.736 p.p.m., and 0.920 p.p.m.
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BORON
Omission of boron (while including manganese and copper
at 0.184 p.p.m. respectively) from the basic nutrient medium
gave a decrease in the percentage and in the milligrams of
nitrogen found when compared with the control which received
the basic nutrient solution only and no boron, manganese, or
copper.

A decrease in percentage was found also when boron,

manganese and copper were added at the rate of 0.184 p.p.m.
of each element; though the decrease as compared with the
control was less than that of the culture in which boron was
omitted entirely.

This may be seen in table I and figure I.

These findings are, in general, in accord with the results
obtained by Demidenko and Golle (7), McHargue and Shedd (14),
Blackman (3), and others.
The highest percentage of nitrogen found came at the
0.368 p.p.m. level of boron application, while the greatest
content of nitrogen in milligrams was found at the 0.184 p.p.m
level of boron application.

The largest dry weight production

at varying boron levels was found when boron was at a con¬
centration of 0.184 p.p.m.

Above this concentration a

general reduction in the yield of dry weight can be observed
in table I and figure III.
Manganese and copper were included in all boron treat¬
ments at a concentration of 0.184 p.p.m. of each.
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TABLE I
RESULTS OP VARIED CONCENTRATION3 OF BORON UPON THE NITROGEN
CONTENT AND YIELD IN DRY WEIGHT OF BUCKWHEAT*

Treatments
/
Received haslo
nutrient solution,
no minor elements
Received haslo
nutrient solution,
0.184 p.p.m. of
Cu, 0.184 p.p.m.
of Mn. no boron
Reoelved haslo
nutrient solution,
0.184 p.p.m. of
Cu, 0.184 p.p.m.
of Mn, and 0.184
p.p.m. of boron
Reoelved basic
nutrient solution,
0.184 p.p.m. of
Cu, 0.184 p.p.m.
of Mn, and 0.368
p.p.m. of boron
Received haslo
nutrient solution,
0.184 p.p.m. of
Cu, 0.184 p.p.m.
of Mn, and 0.562
p.p.m. of boron
Received basic
nutrient solution,
0.184 p.p.m. of
Cu, 0.184 p.p.m.
of Mn, and 0.736
p.p.m. of boron
Received basic
nutrient solution,
0.184 p.p.m. of
Cu, 0.184 p.p.m.
of Mn, and 0.920
p.p.m. of boron

Boron
reoelved
In p.p.m.

Nitrogen
per cent.

0.000

3.50

Nitrogen
In grams
per
culture.
.0429

v/eight of
dry tops
In grams
per
culture.
1.227

%
0.000

2.39

.0395

1.654

0.184

3.35

.0651

1.944

0.368

3.67

.0555

1.556

t

0.552

3.53

.0477

1.350

0.736

3.12

.0436

1.397

0.920

2.95

.0539

1.826

* All figures represent averages of determinations from
original and duplieate cultures, and are accurate within
seven parts per thousand.
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MANGANESE
When manganese was omitted from the basic nutrient
solution,

(while inoludlng boron and copper at 0.184 p.p.ro.

respectively), the percentage of nitrogen and the milligrams
of nitrogen found were greater than the percentage or milli¬
grams of nitrogen found in the control.
Varying the oonoentratlon of manganese gave a somewhat
irregular response In the percentage of nitrogen found in
the cultures, but as can be seen In table II and figure II,
the milligrams of nitrogen per culture at all levels of
manganese applications exoeeded the control to whioh mangan¬
ese, boron, and copper were not added.

The culture which

received boron and copper, but no manganese, also yielded
less nitrogen in milligrams than any of the cultures to
which manganese was added.
The largest amount of nitrogen in milligrams was found
at the 0.368 level of manganese application, and a rather
sharp drop can be observed in table II and figure II as the
manganese concentration was increased above this point.
The yield in dry weight is highest at this level of manganese
application also.
To all manganese treatments boron and copper were added
at the rate of 0.184 p.p.rn. of each.
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TABLE II
RESULTS OP VARIED CONCENTRATIONS OP MANGANESE UPON THE
NITROGEN CONTENT AND YIELD IN DRY WEIGHT OF BUCKWHEAT*

Treatments

Mn
received
in p.p.m.

Received basic
nutrient solution,
no minor elements.
Received basic
nutrient solution,
0.184 p.p.m. of
B, 0.184 p.p.m. of
Cu, no Manganese
deceived basic
nutrient solution,
0.184 p.p.m. of
B, 0.184 p.p.m.
of Cu, and 0.184
p.p.m. of Manganese
Received basic
nutrient solution,
0.184 p.p.m. of
B, 0.184 p.p.m.
of Cu, and 0.368
p.p.m. of Manganese
Received basic
nutrient solution,
0.184 p.p.m. of
B, 0.184 p.p.m.
of Cu, and 0.552
p.p.m. of Manganese
Received basic
nutrient solution,
0.184 p.p.m. of
B, 0.184 p.p.m.
of Cu, and 0.736
p.p.m. of Manganese
Received basic
nutrient solution,
0.184 p.p.m. of
B, 0.184 p.p.m.
of Cu, and 0.920
p.p.m. of Manganese

Nitrogen
per cent.

Nitrogen
in grams
per
culture.

Weight of
dry tops
in grams
per
culture.

0.000

3.50

.0429

1.227

0.000

3.79

.0518

1.372

0.184

3.35

.0651

1.944

0.368

3.95

.0840

2.127

0.552

3.29

.0555

1.687

0.736

3.99

.0558

1.397

0.920

3.47

.0550

1.585

* All figures represent averages of determinations froin
original and duplicate cultures, and are accurate within
seven parts per thousand.

COPPER
■

V'S..

•

•

•

•

-

•

The highest percentage and the greatest amount of
nitrogen in milligrams was found in the copper treatments
* i

1

*

’

v

:

when copper was applied to the culture at a concentration
t

of 0,920 p.p.m.

This was the limit of experimental concen-

i

tration of copper and would seem to indicate that the limit
•

-*

of copper concentration was not reached.

4

This is shown in

table III and figures II and III.
4

4

%

The highest percentage of nitrogen per culture of all
treatments was found when copper was added to the basic
nutrient medium at the rate of 0.920 p.p.m., along with
boron and manganese at the rate of 0.184 p.p.m. of each.
The greatest amount of nitrogen in milligrams per culture
of all treatments was found when manganese was added to
the basic nutrient medium-at the rate of 0.368 p.p.m.,
along with boron and copper at the rate of 0,184 p.p.m. of
eaoh.

This treatment also produced the highest yield in

dry weight.
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TABLE III
RESULTS OF VARIED CONCENTRATIONS OF COPPER UPON THE NITROGEN
CONTENT AND HELD IN DRY WEIGHT OF BUCKWHEAT*

Treatments
Received basic
nutrient solution,
no minor elements
fteeelved basic
nutrient solution,
0.184 p.p.m. of
B, 0.184 p.p.m.
of Mn, no Copper
Received baslo
nutrient solution,
0.184 p.p.m. of
B, 0.184 p.p.m.
of Mn, and 0.184
p.p.m. of Copper
Received basic
nutrient solution,
0.184 p.p.m. of
B, 0.184 p.p.m.
of Mn, and 0.368
p.p.m. of Copper
Received b&sio
nutrient solution,
0.184 p.p.m. of
B, 0.184 p.p.m.
of Mn, and 0.552
p.p.m. of Copper
Received baslo
nutrient solution,
0.184 p.p.m. of
B, 0.184 p.p.m.
of Mn, and 0.736
p.p.m. of Copper
Received basic
nutrient solution,
0.184 p.p.m. of
B, 0.184 p.p.m.
of Mn, and 0.920
p.p.m. of Copper

Cu . .
received
in p.p.m.

Nitrogen
per cent.

0.000

3.50

0.000

3.69

Nitrogen
in gi'ams
per
culture.

Weight of
dry tops
in grams
per
culture.

.0429

1.227

.0597

1.618

%

0.184

3.35

.0651

1.944

0.368

3.42

.0540

1.579

0.552

3.09

.0434

1.406

•

0.736

4.00

.0612

1.531 ..

0.920

4.04

.0664

1.643

* All figures represent averages of determinations from
original and duplicate cultures, and are accurate within
seven parts per thousand.
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PERCENT of

fig. I - Effect of Varied Concentrations of Boron, Manganese and Copper
on the Nitrogen Content of Buckwheat Plants (Percentage Dry Weight)
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DISCUSSION OF RESULTS
From the results obtained In these experiments there Is
an Indication that the addition of small amounts of boron,
manganese, and copper ions to a basic nutrient solution has
an effeot upon the nitrogen oontent of Buokwheat plants and
upon the dry weight produced.
No pronounoed toxicity symptoms were noted in any of
the experimental cultures; however, the control which re¬
ceived no boron, manganese, or copper developed a definite
chlorosis after the seoond week of growth.
Figure II and figure III show & definite correlation
between the total nitrogen taken up per culture and the
production of dry weight per culture.

No such relation can

be seen in comparing the percentage of nitrogen intake
(Fig. I), and the amount of dry weight produced per culture
(Fig. III).

This seems to indicate that the percentage of

nitrogen intake does not parallel the production of dry
weight, while the total intake of nitrogen per culture does.
By observing figures II and III, it may be concluded
that manganese at higher concentrations is more effective
in increasing the nitrogen content and the production of
dry weight by Buokwheat than is boron or copper.
Burstrom (5), as previously noted, concludes that man¬
ganese directly catalyses nitrate assimilation.

It has been

found that oopper enters into the composition of the oxid¬
izing enzyme or enzymes known as oatechol oxidase or
polyphenol oxidase (24).

It is therefore conceivable that
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copper may affect the oxidation-reductIon systems in the
plant•
In general, boron has been assigned a role in the water
relations of the protoplasm, a favorable influence on the
absorption of oations and a retarding influence on the
*

t .

*

'

f

•

.

-

»

absorption of anions, as well as an essential part in carbo¬
hydrate and nitrogen metabolism

(&4).

Though no specific conclusions can be drawn, whioh will
cover plants in general, observations made lndloate that
’
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boron, manganese, and copper dlreotly or lndlreotly Influence
the absorption and utilization of nitrogen by Buokwheat
plants.

r
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SUMMARY
1.

Buckwheat plants were grown In a nutrient medium which

contained varying concentrations and combinations of boron,
manganese, and oopper.

.

2

The plants were harvested at the blossoming stage, the

dry weight yields determined, and the plant material was
then analysed for total nitrogen.
,

3.

,

t.

Experimental results lndloate that the addition of

small amounts of boron, manganese, and copper to a basic
nutrient medium has an effect upon the nitrogen content of
Buckwheat plants and upon the yield In dry weight.
4.

It would seem that the most favorable combination in
/

terms of milligrams of nitrogen and yield in dry weight
under the conditions of this experiment is 0.184 p.p.m. of
boron, 0.368 p.p.m. of manganese, and 0.184 p.p.m. of
copper.
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